We have isolated from a single plaque a mutant of Sindbis virus characterized by an El glycoprotein with higher electrophoretic mobility. This higher mobility is not attributable to a different extent of glycosylation of the protein nor to an altered proteolytic maturation pathway of the polypeptide precursor, but is the result of a deletion occurring during the replication of the viral RNA. The 26S RNA (the messenger for the Sindbis structural proteins) extracted reference 25) . The glycoprotein E2 is initially synthesized as a 60,000-dalton precursor (17) that is proteolytically converted to E2 on the plasma membrane during the process of budding of the virus (13) . In infected cells, in addition to PE2, E2, and El, a virus-specific polypeptide of 100,000 daltons, called B1 (19) , is also present; this polypeptide, which includes the amino acid sequences of PE2 and E1, is located in the soluble fraction of the cytoplasm (S. Bonatti, personal communication). It is not glycosylated and is believed to be an aberrant byproduct of the glycoprotein formation process. A subgenomic species of RNA, the 26S RNA, is the messenger for all three structural proteins (23) ; this mRNA has a single initiation site for protein synthesis (6, 7) . By analogy to the related alphavirus Semliki Forest (8), the following gene order on the 26S RNA has been established: C, PE2, El. The proteolytic cut of the capsid occurs on the nascent chain, possibly catalyzed by the capsid itself (1) . After removal of the capsid, the remaining part of the nascent chain interacts with intracellular membranes, and as result of this interaction, PE2 and El are synthesized, glycosylated, and inserted in the lipid bilayer (2; S. Bonatti and G. Blobel, J. Biol. Chem., in press).
During some studies aimed at the elucidation of the posttranslational maturation of these glycoproteins, we isolated a clone of Sindbis virus 59E characterized by an El protein with higher electrophoretic mobility. In this paper we describe how we determined that this altered El protein is the result of a deletion of part of the genome occurring during the replication of the virus. The biological relevance of this occurence is discussed.
MATERIALS AND METHODS
Virus and cell culture. The Sindbis parental wildtype HR strain (5) was obtained from M. J. Schlesinger (Washington University Medical School, St. Louis, Mo.). The mutant described in the present report was isolated in our laboratory from a single plaque. The plaque was chosen randomly and did not show any morphological difference from the other plaques present in the petri dish. Methods for the preparation of primary chicken embryo fibroblasts (CEF) and titration of virus were essentially as those already described (16) . Cells were grown at 37°C in minimal essential medium supplemented with 3% fetal calf serum. Embryonated eggs were obtained from Lohmann Tierzucht GMBH, Cuxhaven, W. Germany.
Cell infection. Monolayers of CEF, grown in 6-cm petri dishes, were infected with Sindbis virus (multiplicity of infection, 50) diluted in Dulbecco phosphatebuffered saline containing CaCl2, MgCl2, 1% fetal calf serum, and 1 ,ug of actinomycin D (Calbiochem, Los Angeles, Calif.) per ml. After 1 h, the virus was removed and fresh medium (containing actinomycin D) was added.
Labeling of intracellular viral proteins and preparation of the sample for electrophoresis. At 7 h postinfection the medium was replaced with minimal essential medium lacking methionine, supplemented with only 2% fetal calf serum, and containing actinomycin D (1 ,tg/ml).
[3S]methionine (800 Ci/mmol; The Radiochemical Centre, Amersham, England) was added from 8 to 10 h postinfection at a final concentration of 200 ,uCi/ml.
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At 10 h postinfection the medium containing [3S]-methionine was removed, and the radioactivity was chased for 30 min with minimal essential medium containing 3% fetal calf serum and the standard concentration of amino acids.
The monolayers were subsequently washed three times with phosphate-buffered saline, and the cells were lysed with the electrophoresis sample buffer described by Laemmli (14) containing 1 M mercaptoethanol.
A slightly different schedule was followed for the tunicamycin experiments. The minimal essential medium lacking methionine was added from 4 h, and
[3S]methionine was added from 6 to 7 h postinfection.
Chase with standard medium was from 7 to 7.5 h. When indicated, tunicamycin was added at a concentration of 0.5 jug/ml from 4 to 7.5 h postinfection.
Tunicamycin was a gift of S. Schlesinger (Washington University, St Louis, Mo.).
Virus purification. The medium of [3S]methionine-labeled infected CEF was harvested. Cell debris was removed by centrifugation at 30,000 x g for 20 min. The virus was pelleted from this supernatant by centrifugation at 50,000 rpm in a 75 Ti Beckman rotor for 1 h. The pelleted virus was dissolved in 0.3 ml of electrophoresis sample buffer containing 1 M mercaptoethanol.
Labeling and extraction of viral RNA. Two 6-cm petri dishes of CEF were infected with the parental and the cloned strains of the virus. After 1 h of absorption, the inoculum was removed, and to each dish were added 2 ml of minimal essential medium supplemented with 3% fetal calf serum, containing actinomycin D (1 ug/ml), and either 5 Sepharose was washed four times with buffer A containing 2% Tnton X-100 and once with buffer A. The last supernatant was removed, the Sepharose was suspended in 50 p1 of electrophoresis sample buffer containing 1 M mercaptoethanol and 4% SDS (final concentration), and the sample was boiled for 10 min. The Sepharose was removed from all mixtures by centrifugation, and the supernatants containing the specifically immunoprecipitated proteins were collected. Samples of these supernatants were applied to an SDS-polyacrylamide gel for analysis.
SDS-polyacrylamide gel electrophoresis. Proteins were separated by SDS-polyacrylamide gel electrophoresis according to Laemmli (14) . The acrylamide concentration used is indicated in the legends of the figures. After electrophoresis, all gels were processed for fluorography according to Bonner and Laskey (3).
Analysis of RNA on SDS-sucrose gradients. Analysis of RNA on 5 to 20% sucrose gradients containing 0.5% SDS was already described (Bonatti et al., in press).
RESULTS
Identification of a cloned strain of virus with an altered glycoprotein. In the course of studies aimed at the characterization of some Sindbis virus variants, we isolated from a single clone a strain of virus which behaves differently from its parental strain with respect to the electrophoretic mobility of the envelope proteins on a 10% SDS-acrylamide gel (Fig. 1) (Fig. 2, lanes A and B) . The more striking disagreement is certainly the absence of the El and the simultaneous appearance of a new protein which moves between the E2 and the capsid in the lanes where the proteins from cells infected with the cloned strain and from the virion particle itself were analyzed.
Immunoprecipitation of viral glycoproteins. To prove that the protein with altered electrophoretic mobility was indeed equivalent to the E1 protein, we made use of antibodies raised against El and E2. Labeled extracts from cells infected with the cloned virus were divided in three aliquots and applied to a 9% acrylamide gel directly (Fig. 3, lanes A and B) polypeptide chain, a different extent of glycosylation, or both. To distinguish among these possibilities, we compared the proteins labeled in vivo in the presence and absence of tunicamycin. This antibiotic has recently been widely used to prevent glycosylation of the polypeptide chain of several glycoproteins, including the envelope proteins of Sindbis virus (1); therefore, a persisting difference in the electrophoretic mobilities of El and 'E1 labeled in the presence of tunicamycin should account only for a difference in size of the polypeptide chains.
Tunicamycin was added 4 h postinfection at a concentration of 0.5 ,ug/ml, a concentration known to completely inhibit the glycosylation of Sindbis viral proteins in infected BHK and CHO cells (15) . In agreement with the published results in BHK and CHO cells, tunicamycin prevented the conversion of PE2 to E2 in CEF infected with the parental strain, and the nonglycosylated forms of the envelope proteins migrated more rapidly (Fig. 4, lanes A and B) .
More important is to compare the proteins labeled in the presence of tunicamycin in cells infected with the parental and the cloned strains (Fig. 4, lanes B and D) . The mobilities of the capsid and PE2 were unchanged, but, as ex- sponding protein obtained from the cells infected with the parental strain. The mobility in the SDS-acrylamide gel of a reduced and denatured protein can be used to determine its molecular weight; from the relative migration of all polypeptides synthesized in the presence of tunicamycin, we calculated that the molecular weight of +E1 differs from that of E1 by 6,000 to 8,000, corresponding to about 70 amino acids.
Comparison by SDS-sucrose gradient analysis ofthe RNAs obtained from the two strains. A protein with a shorter polypeptide chain could be formed (i) through a different pattern of the proteolytic maturation of the precursor polypeptides or (ii) by translation of an RNA of relatively smaller size carrying a deletion in the region coding for the protein.
Bracha and Schlesinger (4) described a Sindbis virus variant that contains a smaller-molecular-weight form of the viral glycoprotein E2 and showed that this E2 is formed by an aberrant proteolytic cleavage.
The appearance in infected cells of defective viral particles containing RNA deleted in viral genetic information is a well-documented phenomenon. Sindbis defective particles so far studied are only able to interfere with the replication of the homologous standard virus and are incapable of autonomous replication (12, 19, 21) .
We thought it extremely unlikely that the 'El protein is generated by an aberrant proteolytic cleavage. Since a concomitantly larger PE2 was not present, we specifically looked for small polypeptides corresponding to the mising part of the E1 protein, both in the infected cells and in the protein released in the medium, and we failed to detect them (Fig. 2, lanes C to F) . We therefore compared the two 268 mRNA's synthesizing, respectively, E1 and 'E1. For this purpose we prepared ["4C]uridine-labeled viral
RNAs from CEF infected with the parental strain and from CEF infected with the cloned strain. The two RNAs were mixed and layered on top of a 5 to 20% sucrose gradient; as markers, cold rRNA extracted from CEF and Salmonella typhimurium were layered on imilar gradients (Fig. 5) (10, 19, 21) . In addition, the extension of the deletion becomes progressively larger by a process of internal deletion as the passage number increases (11) . The extent of the deletion in this mutant was unchanged when analyzed in a sample of the virus from the original clone and in a sample from virus passaged in our laboratory for more than 2 years and subsequently subcloned.
Despite the fact that in the 'El protein 15 to 20% of the polypeptide chain is missing, this molecule maintains a hemagglutination capability and the antigenic properties of its undeleted counterpart. The El glycoprotein of Sindbis can cause hemagglutination (9) . We have found the same ratio between the hemagglutination titer and the PFU per milliliter in the mutant and in the parental strain (not shown). The two sets of antibodies used for checking the antigenic properties, a globulin fraction purified from immune serum (Fig. 3) and one set of monoclonal antibodies (not shown), failed to detect any difference between E, and 'E1. It is probable that a difference in the antigenic properties could be revealed, making use of more sets of monoclonal antibodies.
Given the difference in length of the polypeptide chains of El and 'E1, an interesting problem is how this affects the interaction of the protein with the lipid bilayer in the cell and in the virion particle. We are at present investigating this. Nevertheless, the presence of a shorter E, does not seem to significantly alter the structure and the growth of the virion. The kinetics of the mutant production in CEF does not present major differences from the growth curve of the parental strain (not shown); both viruses, in addition to CEF, infect BHK, HeLa, and Vero cells successfully and show the same sensitivity to eight cycles of freeze-thawing (not shown). Sly et al. (22) have shown that Sindbis virus with an acquired membrane defect, due to passage in fibroblasts from I-cell disease patients, is extremely unstable to freezing and thawing.
The mutant described in this paper was obtained from one of a few clones isolated from a stock of Sindbis virus. In a similar manner, Bracha and Schlesinger (4) isolated the mutant with altered E2 that was discussed previously.
A variant of the virus that grows better on mouse cells has been isolated simply by passaging stock virus in mouse plasmacytoma cells (24) . These data suggest that stocks of virus comprise several genetically distinct forms that, although present in low concentrations, can be specifically selected for in the process of cloning or by passaging on different cells. The origin of these genetically distinct forms of viruses can be attributed to several mechanisms, and their maintenance or loss in the stocks of virus is very likely to be under the same laws that control the evolution of all living species. Holland et al. (12) have provided evidence that extensive and continuing rearrangement of the infectious genome RNA of vesicular stomatitis virus occurs during long-term persistent infections in vitro.
To clarify some of the possible mechanisms that change the genetic characteristics of virus passaged for years, we plan to compare stocks of Sindbis virus grown for several years in different laboratories.
